Pacific Island Countries have limited capacity to engage in scientific research involving marine genetic resources in areas beyond national jurisdiction (ABNJ). Marine scientific research and capacity development are central to the regime for technology transfer established by the 1982 United Nations Convention on the Law of the Sea (LOSC), but gaps and ambiguities weaken this framework. In this article, options to strengthen scientific capacity in Pacific Island Countries, through the development of a new international legally binding instrument for the conservation and sustainable use of biodiversity in ABNJ under the LOSC, are examined. The international framework for technology transfer could be strengthened by fostering an integrated approach to the advancement, sharing and application of scientific knowledge. Coordination and collaboration at global and regional levels will be required to increase marine science cooperation, improve access to data and information, deliver training, and overcome barriers to develop institutional and individual scientific capacity. 
Introduction
Marine technology transfer and capacity building are critical cross-cutting elements in the development of a new international legally binding instrument (ILBI)1 for the conservation and sustainable use of marine biological diversity in areas beyond national jurisdiction (ABNJ) under the 1982 United Nations Convention on the Law of the Sea (LOSC).2 After a decade of discussions,3 a preparatory committee (PrepCom) has been established to develop substantive recommendations on the elements of a draft text of an ILBI and report to the General Assembly by the end of 2017. The development of the ILBI is a historic turning point in the international law of the sea and seeks to address challenges facing biodiversity in the 64% of the ocean that lies in ABNJ, through: environmental impact assessments, area-based management measures, benefit sharing of marine genetic resources, and capacity building and technology transfer.
Scientific capacity development and technology transfer are crucial for the conservation and sustainable use of biodiversity in ABNJ; this has been recognised at the PrepCom.4 The need to strengthen national and regional capabilities in marine science and technology to enable developing countries to share in marine scientific advances, and absorb and apply technology and scientific knowledge, has long been recognised. A resolution from the Final Act to the Third United Nations Conference on the Law of the Sea (UNCLOS III) stated that unless urgent measures were taken, the "scientific and technological gap between developed and developing States would widen further" and "endanger the very foundations of the LOSC regime".5 Equitability is integral to the LOSC regime for technology transfer.6 Capacity development and technology transfer, have been described as the 'equitable ingredients' of the ILBI, important for both intra-generational and inter-generational equity,7 especially for Small Island Developing States (SIDS).8 The importance of technology transfer and scientific capacity development to implement the LOSC and benefit from sustainable development has been recognised by the United Nations General Assembly (UNGA).9 Sustainable Development Goal 14a calls on States to increase scientific knowledge, develop research capacity and transfer marine technology to improve ocean health and to enhance the contribution of marine biodiversity to the development of developing countries, particularly for SIDS.10 For example, equitable sharing of benefits of marine genetic resources from ABNJ could be considered as intra-generational equity, and the conservation and sustainable use of biological diversity for future generations could be considered as inter-generational equity. for technology transfer is examined, illustrating the linkages between scientific research, capacity development and knowledge exchange. Second, the opportunities and challenges facing Pacific Island Countries to access and use marine genetic resources in ABNJ are discussed, highlighting technology transfer and capacity development needs. Third, options to strengthen the implementation of the LOSC framework provisions for technology transfer and scientific capacity development under an ILBI, through the generation, sharing and application of scientific knowledge, are identified. The article concludes that development of an ILBI is an opportunity to strengthen the international framework for technology transfer and scientific capacity development, but resource and coordination challenges need to be overcome.
International Legal Framework for Marine Technology Transfer
The purposes of technology transfer identified in the LOSC range from social and economic development16 to the protection and preservation of the marine environment. as a basic objective23 and modality of technology transfer.24 It is also an obligation for marine scientific research;25 Article 244 of the LOSC provides that States shall publish and disseminate knowledge resulting from marine scientific research and promote the flow of scientific data and information, especially to developing States. Article 244 further provides that States shall strengthen the autonomous marine scientific research capabilities of developing States, including through technical and scientific training programmes. Sharing the outcomes of marine scientific research, and building capacity to assist developing States to make use of those outcomes, are therefore obligations for the conduct of research in ABNJ, whether exercising the freedom of marine scientific research in the high seas26 and/or fulfilling the duty to conduct marine scientific research in the Area for the benefit of mankind. 27 However, there are gaps, weaknesses and ambiguities in LOSC Part XIV that constrain effective implementation. Despite the various objectives and measures of technology transfer described in Part XIV, the LOSC does not include a definition of "technology" or "technology transfer". Absent or unclear institutional and funding mechanisms render many provisions of Part XIV little more than weak inducements for States. This also creates challenges to monitor or evaluate technology transfer. The provisions of Part XIV are somewhat ambiguous given the requirement that technology transfer should be conducted on reasonable, fair and equitable28 terms to States that "need and request" it.29 International cooperation in marine scientific research (facilitated through scientist exchanges and conferences),30 especially at the regional and subregional level,31 is the primary method to achieve technology transfer identified by the LOSC.32 As a result, the implementation of the LOSC regime for the development and transfer of marine technology, including scientific capacity 23 
Marine Genetic Resources Beyond National Jurisdiction: Opportunities and Challenges for Technology Transfer in Pacific Island Countries
The high marine biodiversity of the South-West Pacific region encompasses rich genetic and biochemical diversity,34 making the region a significant source of marine genetic resources and target for marine bio-discovery activities. The South-West Pacific was a major source of natural products from invertebrates in the 1990s. 35 Although this has mainly been in shallow coastal waters, the growing number of deep-sea natural products36 described from the region indicates some level of research activity in deep-sea marine genetic resources. Examples of deep-sea natural products derived from the Pacific include: compounds with anti-cancer properties derived from sponges collected in Guam and Palau and from fungal strains collected off Fiji; and sterols with anti-fungal properties from a starfish collected off New Caledonia.37 Marine genetic resources patents associated with the North Fiji Basin, Manus Basin, The IOC CGTMT have been acknowledged by many States as a useful tool in the development of the ILBI,45 although the G77 plus China suggest46 that further elaboration of the guidelines would be useful. A wide range of technology could be included in the scope of marine genetic resources in ABNJ. This could include scientific research hardware such as at-sea observation and sampling equipment, on-shore laboratory equipment, and data management and analysis software (e.g., for biodiversity and climate change modelling, oceanography and sea-bed mapping). Information sharing could also include manuals and guidelines for the collection, storage and curation of biological samples. Technologies that can be applied for multiple purposes could be particularly important for capacity development. The merits of multi-use technologies are illustrated by the Centre of Drug Discovery and Conservation of the University of the South Pacific, which has a dual focus on marine biodiscovery and ecological surveys. For example, 'shot-gun DNA sequencing' could be used for marine biodiscovery research as well as other purposes, such as water quality monitoring. Low technology, low-key and long-term approaches to technology transfer and capacity development are often more effective in Pacific Island Countries than short-term, high-technology approaches.47 For technology transfer to be useful in the long term requires considerations of issues such as the cost of maintenance and operation.
Data and knowledge are forms of technology, access to data and knowledge is a form of technology transfer.48 Access to data is also a regional priority identified in the Pacific Islands Regional Ocean Policy.49 Data and information on marine biodiversity, natural products and genetics, as well as biological samples collected from ABNJ, could enable Pacific Island Countries to benefit from marine genetic resources. However, the usefulness of access to data, knowledge and samples is largely dependent on scientific and technological capacity, including skilled personnel, scientific equipment, and technical infrastructure, such as computers and reliable internet access.50 Information communication technology limitations have been highlighted by Pacific Island Countries at the PrepCom.51
Information technology could therefore be particularly important to enable Pacific Island Countries to access data and information relating to ABNJ. Various existing data-sharing mechanisms are in operation at regional52 and global53 levels that could be relevant. However, resource constraints, limited funding and overlapping functions can impede the efficiency of data management systems in the region. For example, the Pacific Island Marine Portal54 was established as a collaborative project between the Pacific Islands Marine Resources Information System (PIMRIS) and the IOC International Oceanographic Data and Information Exchange (IODE) to improve access to Pacific marine information for the Pacific Islands community. However, although some regional organisations appear to be using the portal to share information, resource constraints inhibit its effectiveness. This illustrates the importance of coordination and sustained resourcing for data management systems at regional and global levels. In practice, capacity development in the region is supported through multilateral and bilateral arrangements with donor countries, or through ad-hoc international research collaborations. Other regional organisations could play a role in technology transfer and capacity development. For example, the SPC is the regional scientific and technical organisation, it has a role to facilitate international cooperation in scientific research and deliver scientific and technical services (including conservation, deep sea minerals, maritime boundary delimitation and genetic resources). 72 The South Pacific Regional Environment Program (SPREP) in Samoa also has involvement in marine scientific research, including as the regional point of contact for the Pacific regional alliance for the Global Ocean Observing System (PI-GOOS). 73 The establishment of national and regional marine science and technology centres is promoted in the LOSC to advance the conduct of marine scientific research, enhance capabilities to utilise and preserve marine resources and transfer marine technology. 74 The UNGA has recognised the importance of coordinating activities with regional and national marine science and technology centres to achieve development objectives,75 and the SAMOA Pathway has highlighted the "establishment of dedicated regional oceanographic centres" and the provision of technical assistance.76
Scientific Capacity Development
Existing marine science and technology institutions in the region, such as USP, fit the criteria of 'regional marine science and technology centres' referred to in LOSC Article 277, such as for education and data exchange. These regional marine science and technology centres function as a decentralised but interconnected network, illustrating that a network model could be more appropriate for SIDS than individual centres.
Coordination is critically important for effective ocean governance in the region.77 Therefore, in addition to strengthening the capacity of individual institutions, increasing links between organisations (inside and outside the region) is important to avoid duplication of activities and enhance the existing network of marine science and technology centres. The coordination and delivery of technology transfer and capacity development initiatives, however, will depend on the availability of resources, as highlighted by Pacific SIDS.78 Individual For Pacific Island Countries to make use of marine genetic resources in ABNJ, training and skill development could be required in disciplines such as taxonomy, ecology, genetics, molecular biology, microbiology, chemistry, oceanography and bio-informatics.79 Participation in research cruises in the region could provide an opportunity for research training and access to in situ marine genetic resources. Research collaborations and post-cruise mentoring could enhance research training opportunities for Pacific Island Countries. Training in 'on-shore' research skills could be more useful than 'at-sea' skills, given the technological limitations in the region.
A flexible and adaptable approach is necessary to provide training opportunities that are fit for the needs of the region.80 USP, for example, offers shortterm training opportunities, such as workshops, as well as long-term academic education programs (pre-degree, undergraduate and post-graduate) in various marine scientific research disciplines. Distance learning enables participation across different Pacific Island countries; for example, more than half the students at USP use distance learning.81 Information technology infrastructure is required to enable distance-learning opportunities and support knowledge diffusion across the region. International research collaboration links and access to academic experts could help address gaps in expertise and develop human capacity in the region.82 For capacity development and technology transfer to meet national and regional needs, those needs must first be identified. LOSC Articles 266(2) provides that States shall promote the development of the marine scientific and technological capacity of States which may need and request technical assistance. Furthermore, LOSC Article 275(2) provides that States shall support the establishment and strengthening of national marine scientific and technological research centres so as to provide for advanced training facilities and necessary equipment, skills and know-how as well as technical experts to such States which may need and request assistance. This underscores the importance of enabling technology transfer needs to be identified and ensuring there are avenues through which assistance can be requested.
Although few Pacific Island Countries have articulated national marine scientific research policies, the Pacific Islands Regional Ocean Policy sets a vision to improve understanding of the ocean in three ways: identifying and meeting information needs; access to information; and science education and training.83 Strengthening the international framework for science and technology transfer and capacity development through the development of the ILBI would therefore align with these existing regional priorities.
However, fragmentation in regulatory and institutional frameworks for marine scientific research hinders the prioritisation of research needs in Pacific Island Countries.84 The development of a regional marine science and technology needs assessment could be useful to identify technology transfer and scientific capacity development priorities, including to benefit from marine genetic resources in ABNJ. Such a strategy could consider how to identify and meet the scientific capacity development needs of the region at international, institutional and individual levels. Existing regional arrangements such as the Council of Regional Organisations in the Pacific,85 which facilitates coordination between regional organisations engaged in science and technology, and the Office of the Pacific Ocean Commissioner86 could be appropriate avenues to progress such a strategy.87
Towards an Enabling Environment for Technology Transfer?
An Integrated Approach to Acquire, Share and Apply Knowledge The development of the ILBI is an opportunity for States to strengthen the implementation of the LOSC framework provisions for technology transfer. Due to the different needs within and between regions, there will be no 'one size fits all' solution for technology transfer and capacity development. The development of the ILBI could, however, create an enabling international environment for scientific capacity development where different needs could be better identified and met. The acquisition, dissemination and application of scientific knowledge could be progressed through strengthened international marine science cooperation, technology transfer and capacity development (see Fig. 1 This notion that sharing benefits from marine genetic resources can be progressed through scientific investigation, technology transfer and capacity development is pertinent to the development of the ILBI, as illustrated in the discussion of Pacific Island Countries. The ITPGRFA calls on Parties to cooperate to "promote an integrated approach to exploration, conservation and sustainable use [of genetic resources]"94 including through surveys, collection of samples and associated information and metadata. The merit of an integrated approach is also reflected in UNGA Resolution 69/292, which states that the elements of the ILBI should be considered "together and as a whole". An integrated approach to the investigation, conservation and sustainable use of marine genetic resources in ABNJ could foster potential 'spill-over' benefits whereby technology could be applied for sustainable development purposes that go beyond biodiversity in ABNJ.
Acquiring Scientific Knowledge: International Collaboration for Regional Participation
International cooperation is crucial to enhance scientific knowledge of marine biodiversity in ABNJ, especially in regions with low marine research capacity. The ILBI could seek to strengthen the implementation of LOSC Articles 242 and 243 through international cooperation in marine scientific research in order to advance knowledge of biodiversity in ABNJ and increase participation of scientists from developing countries.
Increasing scientific knowledge of biodiversity in ABNJ would require sustained support for existing initiatives, as well as resources for new investigations. The development of new observation technologies and understanding of the roles and functions of biodiversity in ABNJ, and the transfer of marine technology to share knowledge and enhance capacity of SIDS are among the aims of the 'International Decade of Ocean Science' proposed by the IOC.95 This illustrates international recognition of the need to enhance international marine science cooperation for SIDS. The International Indian Ocean Expedition,96 organised under the auspices of IOC, is an example of internationally collaborative, regionally coordinated research. Similarly, to fill gaps in 94 that "open data should be the default position for publicly funded science" and updating historical values for "a new era of technology" is essential to achieve full benefit to society.97 The obligation to publish and share data and knowledge enshrined in LOSC Article 244 could be further implemented under the ILBI.
The United Nations Agreement for the Implementation of the Provisions of the United Nations Convention on the Law of the Sea of 10 December 1982 Relating to the Conservation and Management of Straddling Fish Stocks and Highly Migratory Fish Stocks98 (UNFSA) offers an example of how this can be achieved by elaborating provisions and standards for the collection and sharing of data. For example, UNFSA Article 14 provides for the collection and exchange of scientific data,99 international cooperation in research, scientific capacity development in line with a set of standard requirements for the collection and sharing of data as elaborated in UNFSA Annex I. Similarly, an elaboration of data-sharing principles, standards and requirements could be included in the ILBI to implement the LOSC obligation to publish and disseminate data. International standards and best-practice guidelines for data management and informatics provide a basis which the development of the ILBI could draw from. delivered through a variety of means: in person; facilitated by regional networks such as IOC and its regional commissions and training centres; or online, such as IOC Ocean Teacher Global Academy. Researcher training opportunities, from undergraduate to Ph.D. level and beyond, could be facilitated through regional centres and international scientific networks. However, to attract to and retain researchers at regional science and technology centres, it will be necessary to increase absorptive capacity through, for example, teacher exchanges, continuous professional development opportunities and incentives, such as sustained international collaborations and resources.
Challenges Ahead
A number of challenges relating to technology transfer and capacity development remain for the development of the ILBI. In particular, the scope of technology transfer will need to be understood and agreed, and implementation options established. Clearinghouse A clearinghouse mechanism has been proposed as a means to provide a centralised portal to access and exchange information on activities related to biodiversity in ABNJ104 and promote international collaboration. This could facilitate technology transfer by improving linkages between technology recipients and donors, and enabling knowledge exchange. Questions remain, however, on the types of information that would be included and how it could be managed. A clearinghouse would require sustained resources and stakeholder engagement (especially from scientific communities) to ensure that quality information was made available to users. Building on the strengths of existing mechanisms, such as the Ocean Biogeographic Information System of the IOC, would be important.
However, the capacity constraints of SIDS, illustrated in Pacific Island Countries, mean that web-based clearinghouses could be quite limited in effect without corresponding capacity development and technical infrastructure.
Scope
The development of the ILBI will consider "capacity building and technology transfer" as it relates to the conservation and sustainable use of biodiversity in ABNJ. However, technology and capacity building for ABNJ cannot be considered in isolation, as it could be equally applicable in areas within national jurisdiction. Furthermore, technology can have multiple applications; for example, technology required for marine genetic resources research could also be useful for area-based management or even broader purposes.
Fostering a broad scope of technology transfer, including technologies that can be used for multiple purposes, could support meaningful capacity development. A broad scope of technology under the ILBI could be the best option to ensure efficiency and effectiveness of research efforts. However, a balance between specificity and flexibility to support effective implementation will be needed. Promoting technology development, as well as transfer, into the scope of the ILBI will be important, to facilitate investigation of biodiversity in ABNJ and advance scientific knowledge to support conservation and sustainable use. However, although LOSC Part XIV concerns the "development and transfer of marine technology"105 (emphasis added), UNGA Resolution 69/292 refers only to "transfer of technology".106
A holistic scope of technology-transfer development could reduce duplication of activities and resources, and have wider advantages for sustainable development. The importance of technology transfer and capacity development in marine scientific research for sustainable development is recognised in UNGA Resolutions107 and in Sustainable Development Goal 14. Marine scientific research is an important ingredient for sustainable development for SIDS, in a range of areas including marine genetic resources, fisheries and minerals.108 The potential for the ILBI to strengthen capacity development in pursuit of sustainable development has been recognised by New Zealand,109 Australia110 and the European Union (EU).111 Although the ILBI cannot function as an overarching implementing instrument for Part XIV as a whole, it does provide a 
Conclusion
Marine technology transfer and scientific capacity development are crucial for the conservation and sustainable use of biodiversity in ABNJ. The LOSC framework for technology transfer is strongly interlinked with scientific capacity development and emphasises the acquisition, evaluation and dissemination of marine scientific and technological knowledge, information and data. However, gaps and ambiguities weaken this framework. The development of the ILBI is an opportunity to strengthen the implementation of Part XIV of the LOSC and foster a new paradigm of technology transfer and innovation based on knowledge exchange, open data and scientific capacity development.
Improving the international framework for technology transfer and capacity development could also advance regional objectives for Pacific Island Countries and have broader sustainable development benefits. The institutional, technological, financial and human capacity constraints that limit the ability of Pacific Island Countries to engage in scientific research involving marine genetic resources in ABNJ illustrate the need to increase technology transfer and develop scientific capacity in the region, at institutional and individual levels. These are already identified as broad priorities for the region; however, the development of a Pacific Islands regional marine science and technology strategy could enable clearer identification of technology transfer and scientific capacity development needs. Enhancing the capacity of existing regional organisations in strengthening international links could help achieve a well-resourced and cooperative network of marine science and technology centres, providing hubs for research infrastructure and focal points for science and skills.
An integrated approach to the investigation, conservation and sustainable use of biodiversity in order to promote the acquisition, dissemination and application of scientific knowledge could provide a useful focus for the development of technology transfer under an ILBI. Based on lessons from Pacific Island Countries, this could enhance the international framework for technology transfer through: sustained support for sharing of global marine scientific data and information; strengthened links between research institutions to form a global network of regional marine science and technology clusters; and increased skill development opportunities, including distance learning and workshops. A broad scope of technology, including multi-purpose technologies, could enable meaningful capacity development. However, a number of questions remain in relation to the scope and implementation of technology transfer. International cooperation, at the global and regional level, will continue to play a crucial role to secure the required resources for implementation, avoid duplication and ensure that technology transfer meets identified needs.
